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(1) Warp: warp A: thick 2-ply, medium-hard ( The fragment is highly degraded, friable and disintegrating, and it is not certain that the pile covered its surface uniformly: certainly in one area of c. 20 mm by 20 mm there is overall pile, crushed into the ground weave.
The textile is now a uniform dark brown in colour: there is no visible distinction between the colours of warp A and B.
TT/88/639/002
Heavy dark-brown pile fabric, as TT/88/639/001.
(1) Warp: max.l. 80 mm.
(2) Weft: max.l. 60 mm.
Selvedge: no undamaged selvedge preserved, but one weft yarn (of a pair) returns intact.
Pile: no sign of pile on either face: it may have been absent.
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TT/88/639/003
Six small fragments of same textile as TT/88/639/001, in assorted sizes, screwed up, with heavy damage but no sign of pile.
TT/88/639/001-003
Summary
Heavy dark-brown textile in half-basket weave, with two types of plied warp, paired weft, structurally plain but decorative selvedge, and carrying Ghiordes knots (but possibly not overall).
For more of same pile textile cf. TT/88/644 below.
Findspot: Vindolanda, Period I inner fort ditch.
TT/88/644
Heavy dark-brown pile fabric in half-basket weave with 2 sets of plied warp ('thick' and 'thin') and paired weft with rows of Ghiordes knots; cf. TT/88/639/001-003, same textile.
(1) Warp: warp A: thick 2-ply, medium-hard S-plied from 2 weaker Z-spun yarns; warp B: thin 2-ply, medium-hard S-plied from 2 weaker Z-spun yarns; 1 thick (warp A) alternates with 1 thin (warp B) thread at 6-7 plies together per cm; max.l. of woven fabric 70 mm, max.l. of longest extant projecting warp thread 250 mm.
(2) Weft: medium Z-spun, paired, c. 2-3 pairs per cm, wide spaced, max.l. 120 mm.
Selvedge: none survives.
Parallel to the weft the cloth edge is turned back c. 8 mm to reverse of fabric, possibly deliberately; on opposite edge the plied warp projects from cloth c. 15 mm, ending in a straight (original?) line.
Pile of Ghiordes knots, as in TT/88/639/001: each knot clasps 2 adjacent thin warp threads (warp B), leaving 1 shot of paired weft between the rows free of knots; the pile knots are each formed of 2 weak Z-spun yarns, projecting now c. 13 mm from cloth surface; the extant area of fabric carries 5 rows of knots, the longest (row 1, closest to folded edge) of 13 knots, row 3 has 10 knots, the rest far fewer; row 4 has knots of varying structure: most have 2 yarns, but
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second from left has 3 yarns, then 6 knots of 2 yarns (some damaged), then 1 knot of 3 yarns (one of them thin and overspun); in row 3 tenth knot from left is of 3 yarns, rest of 2, including eighth knot which includes 1 yarn of unusual silvery hue.
The fragment, dark brown in colour, is poorly preserved, but seems to have had pile overall. 
Analysis
Samples of yarn from the main warp, the fine selvedge warp, the weft of the ground weave and the pile were extracted from the best-preserved fragment, TT/88/644, in order to investigate the raw materials. The fibres were examined first by transmitted-light microscopy at x100-x640 magnification. All four samples showed the general characteristics of sheep's wool, including an irregular waved mosaic scale pattern with smooth near margins and continuous medullas which were broad and latticed in fibres over 100 microns wide.
1
The fleece-type of the wool was then investigated by measuring the diameters of 100 fibres per sample, at x400 magnification. According to the range, mode, mean and distribution (the degree of skew) of the measurements, the sample could be allocated to one of Ryder's seven fleece-type categories (ONLINE TABLE 1 ). The wool proved to be Hairy fleece-type in the ground weave (the thick main warp and the weft), Hairy Medium in the finer selvedge warp yarn and Medium in the pile yarn.
While the diameters were being measured, a record of any pigmentation present was also made. Natural pigmentation can be identified from the presence and density of granules in the fibre. 20-30% of the fibres in the weft yarn were moderately pigmented, indicating a mottled brown and white wool. Further samples of the weft yarn in other fragments were investigated and proved to be much the same ratio of brown to white fibres. All the other samples were originally white (though now stained from burial), except for a single brown fibre in the selvedge warp.
1 Appleyard 1978, 26-7. 
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Finally, the textile was tested for the presence of dye by measuring the visible absorption spectra of solvent extracts made up from three of the samples, the main warp, the fine selvedge warp and the pile. These tests revealed a small amount of indigotin in the pile.
No dye was found in the other two samples. Indigotin is the detectable constituent in dyeings made from three plants, woad, Isatis tinctoria L., indigo, Indigofera spp, and knotweed, Polygonum tinctorium Ait. Knotweed is unlikely as its use was largely limited to China and Japan, but indigo from tropical Asia and Africa, and woad from temperate parts of Europe and Asia are equally likely. Both plants were used for blue dye over a wide period of time and over a broad geographic area.
Comment
The aim of the investigation was to look for evidence for the place of manufacture of the piled weave. First of all, it is obvious that, in terms of fleece-type, the textile does not match any of the wool textiles from Roman Britain previously examined by Ryder. 2 The Hairy wools seen in two of the samples do not occur in British textiles until the ninth and tenth centuries and the Medium wool is also relatively rare until that time. 3 There was a single tuft of raw wool from Vindolanda which gave a Hairy-like range of fibre diameters, 4 but that was the tip end of a lock of wool and, since hairs tend to protrude beyond the underwool, it is almost certain that it represents the tip of a Hairy Medium fleece -and Hairy Medium types were common enough in Romano-British textiles.
Nor do the fleece-types of the pile match the wool in the piled weaves from seventh- Heavy pile fabric in tabby weave with 2 sets of plied warp (dark and light) and plied weft with rows of Ghiordes knots and selvedge, also showing dark/light pattern effects.
(1) Warp: warp A: dark 2-ply, medium-hard S-plied from 2 weaker Z-spun yarns, overall diameter c. 15 mm; warp B: light 2-ply, medium-hard S-plied from 2 weaker Z-spun yarns,
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overall diameter c. 15 mm (but actually thicker than warp A); count of A + B is c. 8-9 per cm (39 per 50 mm).
(2) Weft, soft dark-brown 3-ply, medium-hard S-plied from 3 weaker Z-spun yarns, overall diameter 2-3 mm variable, c. 3 per cm, spaced out (11 per 50 mm).
Selvedge in plain 1/1 tabby structure: sequence from outer edge: 8 dark warp A threads, then Both sides show evidence of long and intensive wear.
TT/85/030/002
Heavy pile fabric as 030/001
(1) Warp, max.l. 40 mm.
(2) Weft, max.l. 70 mm. Findspot: Vindolanda, Period I inner fort ditch.
TT/85/055/001/2
Heavy tabby-weave pile fabric with plied warp and weft, same textile as TT/85/030/001.
(1) ?Warp, 2-ply, S-plied from Z-spun yarn, c. 9 per cm (overall), max.l. 25 mm. 
Method of analysis
A single yarn was extracted from each of the two ground warp yarns, the selvedge warp, the weft and the dark and pale pile yarns, making six samples in all. Each sample was prepared for microscopy as a whole mount (longitudinal view) in water. Measurements of fibre diameters were made at x400 magnification with a transmitted-light microscope fitted with an eyepiece graticule. The accuracy of this measuring system has previously been checked against standards provided by Dr Michael Ryder, and the results achieved by this means are known to be directly comparable with Ryder's published results 7 and those of others who have submitted to similar testing. 8 The diameters of 100 fibres were measured in each case and the samples allocated to one of the seven fleece-types posited by Ryder.
9
A system which measures diameters using fibre cross-sections and a scanning electron microscope has been developed recently for mineralised textiles. 10 This has been 6 Wild and Walton Rogers 2007. 7 Ryder 1969; 1983a . 8 Ryder and Hedges 1973 . 9 Ryder 1969 Walton Rogers 1995 . 10 Rast-Eicher 2008 Gleba 2012 .
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compared with Ryder's system, although it does not appear to have been tested against Ryder's control standards and at present the results of the two systems are not directly comparable.
Results (ONLINE TABLE 2 was also noted, although no dye was detected in the selvedge of TT/88/644. 12 A similar arrangement of naturally brown wools in the ground and dyed white wool in the pile was observed in two pile weaves of the second to fourth centuries from Afghanistan.
13
Comment
Hairy wools tend to be associated with mountain breeds and the hardy double-coated sheep of the North Atlantic islands; the Hairy Medium is more common among hill breeds; and the other fleece-types might be expected to come from flocks in more carefully managed lowland flocks. It is likely, however, that flocks were more mixed in the past than they are nowadays 11 Ryder 1983a, 130-3. 12 Wild and Walton Rogers 2007, 77. 13 ibid., 77-8.
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and it is known that among primitive breeds Generalised Medium types can occur in a predominantly Hairy Medium flock. 14 It should also be noted that a single workshop situated in, say, a river basin, might draw on wool from hills and mountains a relatively short distance away. It would therefore be necessary to test many more pile-weave samples to see if a pattern emerged before any conclusions could be drawn on the regions in which the wool is likely to have been produced. Stable isotope analysis should also provide insight into the climatic zone in which the wool will have originated.
15
Setting aside the problem of the geographic sources of the pile-weave textiles and their raw materials, some further observations can be made, based on the fleece-type analysis.
The nature of the wool has an effect on the handle of the fabric and in this respect there was These two pile-weaves were obviously made within the same general weaving tradition and probably looked similar to the naked eye. Microscopy, however, has demonstrated subtle differences between the two that suggest that one was softer and warmer in use, and the other more hard-wearing. 
